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BIOCIDALCOMPOSITlCCS[SJlNI).T-REAXMEN^ 

The present irwenlion relates to synergistic biocidal mixtures of liydroxymeihyl phosphonium 
biocides with certain non-foaming biopenetrants. 

GB 2 145 708 describes biocidal uses of tetrakis (hydroxymeihyl) phosphonium salts, which, 
together with their parent base, Tris(hydroxymeihyl)phosphine, are referred lo herein 
collectively as "THP". US 4 778 813 describes the biocidal use of quaternary' ammonium 
polymers. GB 2 178 960 describes synergism between THP and surfactant, GB 2 228 680 
describes synergism between THP and certain aldehydes. 

XyP formulations are increasingly widely used as biocides for water treatment in treating 
cooling water, process water e-g. in pulp and paper manufacture, drilling fluids and other 
^obic water systems, as well as in anaerobic systems such as oil fi^.ld fcrmax^on water, 
^ection water, produced water and water used in hydrostatic testing. Advantages include 
rfpid and effective bactericidal activity and environmental acceptability. Particularly in 
systems where slime forming bacteria proliferate (e.g. in aerobic systems such as cooling 
As^ter) it has been found desirable to use THP formulations containing synergistic amounts of 
Surfactant according to GB 2 178 960, in order to improve cost effective biocidal action. It 
pibelieved that the surfactant aids the penetration of the biomass by the THP. However such 
^rmulaiions cause foaming problems. Attempts to combine THP with other biocides (e.g. 
aldehydes), which do not cause foaming, have not been able to provide such effective 
biocidal action af?ainst slime fonriins bacteria, and/or have detracted from the favourable 
enviro^imemai profile of THP. 

We have now discovered that combinations of THP with certain non-surfactant biopenetrants 
provide strongly synergistic biocidal formulaiions which give excellent penetration of 
bacterial slime and improved activity against planktonic bacteria whhout causing excessive 
foam. We have funher discovered that mixtures of THP with a surfactant, and with a non- 
surfactant biopenetrant give a marked ternary synergism, permitting improved biocidal 
efficiency with reduced foaming. 
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Our invention provides a biocidally synergisiic mixture comprising THP and at least one 
THP •compatible, non-surfaciani, biopeneirant synergist together optionally with a surfactant. 
The non-surfactant biopenetrani may be selected from quaternary ammonium polymers and 
copolymers, hydrouopes and syntans. 

According lo a second embodiment the invention provides a method of treating aqueous 
3'/stems contaminated, or liable rontaminaTion, wiih microbes such as bacteria, fungi or 
algae which comprises applying thereto separately or together a biocidally active amount of 
the components of a synergistic mixture as aforesaid. 

The aqueous system may, for instance, be contaminated with bacterial slime and/or 
planktonic bacteria. The invention is of use for treating aerobic systems such as cooling 
y towers and also for anaerobic systems, such as oil wells, e.g. during secondary recovery. 

:j r; 

iSI The THP is conveniently present in the formulation as a salt, but is preferably used at a pH 

sufficient to form the base. The salt is preferably the siJphate. chloride or phosphate. 
m Hov everany water soiuuie iaivTXiay oe useu mcludmg the pnospmi^, uroix^iue, iiu^nae, 
L, carbonate, acetate- formate, citrate, borate, or silicate- In fact any counter ion which is 

chemically compatible with THP may be used, the main criteria for selection being 
jS economic. Oxidation of THP to tris(hyclroxymcUiyi)phOi"phine oxide ( i HPO) should be 
O avoided and oxidising agents for THP are preferably substantially absent. The composition 
" may contain oxygen scavengers to minimise oxidation by atmospheric oxygen. Tlie pH of 
the composition may be below 3.5 to avoid THPO foraiation during storage but the pH on 
addition to aqueous systems is preferably between 3.5 and 9 and more preferably less than 8, 
e,g. 4 lo 7.5. High alkalinity, e.g. above 10, is preferably avoided. The pH of the aqueous 
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An essential componeni of ihe invemion is a non-surfacianl biopeneuaj^i. Surfactaiii:-. are 
amphiphilic compounds which, even when present in low concemraiions in waier (e.g. 0. 1% 
by weight), substantially reduce the imerfacial free energy of a water/hydrophobe interface. 
Surfactants may be identified by their effect on surface tension of water- Non-surfactants do 
not appreciably reduce surface tension at low concentrations. Typically the reduction of 
surface tension by a non-surfactant at concentrations of the order of 0.1% does not amount to 
more than about 5% of the value for pure distilled water. At the same concentrations typical 
surfactants would reduce stirface tension by 50% or more. For the purposes of this 
specification a compound is considered non-surfactant if it lowers the surface tension of 
water by less than 20% at a concentration of 0.1 % by weight. Preferably the reduction is less 
than 15%, e.g. less than 10%, especially less than 5%. 



pbie non-surfactant biopenetrant may for example be a quaternary ammonium polymer or 
ogpolymer. The quaternary ammonium polymer may for example be any of those described 
ij^US 4 778 813. Particularly preferred is poly[oxyethylene(dimethyliminio)ethylene 
(;gimethyliminio)ethylene dichloride]. This is a copolymer of NNN'N'-tet^amethyl-I,2- 
Camino ethane with bis (2-chloroethyl) ether, which is referred to herein as "WSCP". The 
IJpter is tiae commercial name of the product used in example 1 , which is sold by Buckman 
yiboratories. However any other water soluble polymer containing a plurality of quaternary 
sBomonium groups may be used. Such compounds typically comprise a polymeric cation of 
^ formula: 

S R' ■ 

X-lR N -f X 

R wherein: each R is a divalent organic group constituting with the 

ammonium group a monomeric residue or separately selected from two or more 
comonomeric residues; each R* is an alkyl or hydroxy alkyl group, typically having from 1 to 
4 carbon atoms arid preferably meihyl or ethyl; X is hydrogen or a mcnovalaj-rt inorganic or 
organic end capping group; and n is from 2 to 3000, e.g. 5 to 2000, especially 8 to 1000, e.g. 
10 to 500, -nost preferably 20 to 100. The counter ion may be any convenient THP- 
compatible anion e.g. chloride, $ulphate, phcrphit?, bromide, fluoride, carbons^te, formate, 
acetate, citrate, lactate, tartrate, methosulphate, borate or silicate. 
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R may for example be a C,., aj^ne. oxyaJkylene, polyoxyalkylene^oalkylene. 
halooxyalkylene. halopolyoxyakylene or a r' 

i.' group wherein may be a 
alkylene, oxyalkylene polyoxyalkylene, haloalkylene, halooxyalkylene or 
halopolyoxyalkylene group and represents a covaieni bond or an R^ group. The polymer 
may for example be a methylated polyethylene polyamine of the formula 



CH3 



NCCHs), CH2CH2 



N(CH3)3 where n is 2 to 1 0. 



Some oilier typical examples include: 
^dkSoridT"^^^*"^^"^'"^^^ 

U -4-[ 1 -tris(2-hy droxy ethy Dammonium cliloride-2-butenyllpoly f 1 -dimethy ]- 
I ammomum chloride-2-butenyl]tris(2-hydroxyethyl)a^.SDx^m Se 

Tjs non-surfactant biopenetrant may alternatively be a hydrotrope. Hydrotropes are 
s|aetimes contii^ed witi, surfactants because they are also amphiphilic. However 
hgrotropes do not significantly affect surface tension at low concentrations. Hydrotropes 
acr as solubiiisers. When present in relatively high concentrations (e.g. greater than about 
1 %) they increase the water solubility of sparingly or moderately soluble solutes. 
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A preferred class of hydroiropes includes water soluble glycol eihers. The glycol ether is 
preferably a water soluble compound of the formula HOLCRjCRpj^R* where each R is 
methyl, ethyl or preferably H, provided iliat the total number of carbon atoms per [CR2CR2O] 
group does not exceed ^, m.or« preferably is not more than nnd most preferably is 2. R' is a 
lower hydrocarbon group such that the compound is water soluble, e.g. butyL propyl, ethyl or 
preferably methyl and n is from 1 to 20, preferably 1 to 10, especially 1 to 5, typically 1 to 3, 
most preferably 2. Preferred examples include diethylene glycol monomeihyl ether. 

An important class of hydrotropes for use according to our invention comprises the lower 
alkyl aryl sulphonates. Water soluble salts, e.g. sodium, potassium, ammonium or salts of 
benzene sulphonic, toluene sulphonic, xylene sulphonic, ethyl benzene sulphonic or cumene 
sulphonic acids are very effective. Generally, alkylbenzene sulphonic acids having up to four 
ox ever- five ^^Uphatic carbon, aJ.'5ri >. show hydrotropicit)' bi;* net sigT\if.ca-.:.t surfacT^rirv 
i^ove six aliphatic carbons, e.g. sodium octyl benzene sulphonate, surfactancy predominates 
^er hydrotropicity. Naphthalene sulphonates are also useful as non- surfactant biopenetrants, 
p|. alkali metal C1.4 alkyl naphthalene sulphonates. Urea is also an effective hydroirope. 

farther category of non-sxirfactant biopenetrants comprises synians. The latter include a 
^riety of resins and prepolymers which are used in the tanning industry as an alternative to 
§nnin or chrome. 

iSnL n:* • iikini: c-;rT.yrisc ^ layer -^f cclIageTi, and tanninrr ag'^nts re?cT ^0 cross link reacTwe 
sites within the collagen. One effect of this reaction is to increase the minimum temperature 
at which the leather tends to shrink in hot water. 
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For the purpose of this specificaiion "synian" is used to refer lo synthetic organic compounds 
capable of reacting with collagen to form cross links so as lo increase the shrink temperature 
of leather. For example the term includes any water soluble polymer prepared by 
copolymerising formaldehyde, which is capable of increasing the shrink resistance of 
collagen and which comprises at least two units of the formula 

OH 

M CH2-— where each M is an aryl group such as a phenyl, naphthyl or 

aniline group substituted wuh one or more hydroxyi and;ox su;p/*aLi:, sulphone or 
sulphonimide groups or a nitrogenous comonomer such as a dicyandiamide, urea or 
melamine residue. As used herein the temi "syntan" also includes resin syntans which are 
homopolymers and copolymers of unsaturated carboxylic acids or their salts, esters, amides 
,px nitriles, e.g. acrylic acid, methacrylic acid, acrylamide, acrylonitrile. maleic acid, fumaric 
•feid, itaconic acid, aconitic acid, crotonic acid, isocrotonic acid, citraconic acid, mesaconic 
igcid, angelic acid, tiglic acid and cinnamic acid. Ihc copoiyrncii may lalso cuiixpv.:^*^ ciher 
^^^nylic comonomers such as styrene. Also included are acetone condensates with, for 
iLixample sulphones and sulphonamides, and dicyandiamide based resins. Paniculariy 
ipreferred are; suiphonated'aiyi"^onT^*ichy^ of TUP with nitrogen 

Compounds; phosphono polyacrylate or maleate telomers such as those described in EP 0 491 
Q9I; or phosphono ethyl phosphino telomers as described in EP O 861 846. 

^□'he sulphonated aryl fomialdehyde copolymer may for example be sodium naphthalene 
sulphonate formaldehyde condensate, sodium phenol formaldehyde concentrate, or sodium 
resorcinol formaldehyde condenijate, or a condensate of fomialdehyde with a sodium alkyi 
benzene or naphthalene sulphonate having less than 5 carbon atoms. 
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THP condensates may coniain 2 or more phosphorus atoms, so long as llie phosphorus 
compound is water soluble to a concentration of at least 0,5 g/1 at 25^C. Such phosphorus 
compounds contain a total of at least 2 hydroxymelhyl groups, usually at least one per 
phosphorus atom, and preferably at least 2 hydroxymethyl groups per phosphorus atom. TJie 
group or groups joining the phosphorus atoms together may be of the formula -R-. -R- 
0-R-, -R-NH-R or -R-R'-R- where R is an alkylene group of 1 to 4 carbon atoms and R" is 
the residue formed by removal of two hydrogen atoms, bonded to nitrogen, from a di or 
polyamide or an amine or di or polyamine, such as urea, a Ci-20 alkylamine, dicyandiamide, 
thiourea or guanidine. Such compounds with 2 or more, e.g. 3, hydroxyalkyl groups per 
phosphorus atom may be made by self condensation of THP salts with a compound of 
general formula R"H2 such as urea, or a Ci 1020 alkylamine, e.g. by heating ai 40 to 120*^0. 

The THP condensate may be prepared in situ by adding THP and a minor proportion of (for 
example) a condensable comonomer such as urea, melamine, an amine or dicyandiamide» 
alnultaneously or consecutively to the system to be treated. Thus, for example, urea or aryl 
jyiphonate hydrctrope may function as hydrotropes or comonomers for the in situ formation 

gI syntans or in both capacities, in accordance with our invention. 

W 

Ihe phosphono telomer may be a compound of the formula 
W H[CHRCHR]n-P0jM2 

wherein at least one R group in each unit is a COOM, CH2OH, sulphono or phosphono group 
and the other r group which may be the same as, or different from, the first R group, is 
hydrogen or a COQM, hydroxyl, phosphono, sulphono, sulphate and/or hydroxy substituted 
Ci-7 alkyl or C1.7 alkenyl group, and each M is a cation such that the phosphonated oligomer 
is water soluble and n is greater than 1, e.g. up to 10. 
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Ii is possible to use cotelomers, e.g. of the above formula, but in which ihe [CHRCHRln 
chain contains at least iwo [CHRCHR] groups derived from different monomers and in 
which n has a total value of at Icsst 3 For example we include a phosphonaied trimer or 
higher cooligomer of maleate and acrylaie containing at least one [CHj CHCOOM] and al 
least one [CHCOOM CHCOOM] group. 

Particularly preferred are phosphonated oligomers of maleic acid, of tlie formula 
H(CHC02M.CHCO2M)nPO3M2 where n is greater than 1 and M is a cationic species such 
that the compound is water soluble, and especially mixtures of such coirip-ovinu^ wiin 
phosphonosuccinic acid or its water soluble salts. 

Particularly preferred are mixtures of phcsphcncsuccinate salts and an oligomer of the above 
formula when n==2, such as may be prepared by reacting sodium phosphite with a small molar 
^^cess of sodium maleate in a concentrated alkaline aqueous solution at elevated 
Mlmperatures in the presence of a free radical source such as hydrogen peroxide. 

ii#ther phosphono telomers which are useful according to the invention include phosphono 

g M203P[CH2CHCOOM]nH 

]^/here n may be 2 to 60, preferably 3 to 30, e.g. 4 to 20. 

l-Phosphono-2-phosphinQ ethane can be reacted with salts of telomerisable unsaturated acids 
such as maleic and acrylic to make syntans which are useflil in the present invention. Other 
phosphono carboxylates of use include phosphonosuccinates and salts of 2-phosphono- 1,2,4- 

inc.ox]?oxy biuanc- 
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The biopeneiranT synergist is not usually present in a greater weight concentration than the 
THP, although higher concentrations by weight based on THP. e.g. up to 10:1 or even 100:1 
are teclmically possible but commercially undesirable. The proportion is preferably less than 
50% by weight based on the weight of THP, more usually less than 20%, typically less ihan 
10%, especially less than 5%, Althougn very smaii amounts may be effective we prefer lo 
use proportions of biopenetrant greater than 0.1% based on the weight of THP, usually 
greater than 0.5%, especially greater than 1%. 

The biocide is typically supplied as a 10 to 75%, e.g. 20 to 60%, especially 30 to 50% by 
weight aqueous solution of THP containing from 0,1 to 10%, e.g. 0.2 to 5%, especially 0.5 to 
2% of the synergist, based on the total weight ol ihe soluiioii. 

Alternatively the composition may be supplied as a solid formed by coating THP onto, or 
afisorbmg it into, a powdery gidnulai or porous aciu subilrale sach as adipic acid, 

Wic mixture is typically used. at a dosage of 1 to 1500ppm by weight THP based on tlie 

Wpight of water to be treated, usually 2 to 500, especially 5 to 250, e,g. 10 to 150. 

mi 

Cccording to a particular embodiment it has been found that mixtures of the aforesaid 

^jpenctrani syntigistii with suriuciisiits and THf saiis piOv:^>. .u* ;j»ii3jici^ synei'gi.-:-:* j^-i^i; 
fixtures can provide even more effective biocidal activity, at substantially lower levels of 
both biocide and surfactant than are required for conventional mixttires of THP salts and 
surfactant. 

Our invention accordingly further provides a biocidally synergistic mixture comprising: 
(A) THP; (B) at least one non-surfactant biopenetrant; and (C) a surfactant. 

The invention further provides a method of treating water with a biocidally active amount of 

said syatirgisuc mixture. ^ ; 
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Surfaciams for use in our invention t>-pically contain hydrophobic groups such as aikenyl. 
cycloalkenyl- alkyl, cycloalkyU ar>'l, alkyl/aryl or more complex aryl (as in petroleum 
su-phouaies) moiexieii having from 8 to 22, preferably 10 to 20, typically 12 lo ) 8 carbon 
atoms and a hydrophilic moiety. Other hydrophobic groups included in the invention are 
polysiloxane groups. 

The surfactant may for example consist substantially of an at least sparingly water-soluble 
salt of sulphonic or mono esierified sulphuric acids, e.g. an alkylbenzene sulphonate, alkyl 
sulphate, alkyl ether sulphate, olefin sulphonate, alkane sulphonate, alkylphenol sulphate, 
alkylphenol eiher sulphate, alkylethanolamide sulphate, alkylethanolamidether sulphate, or 
alpha sulpho fatty acid or its ester each having at least one alkyl or aikenyl group with from 8 
toi22, 3Tnorc usually 10 to 20, aliphatic, carbons atom?, 

^OThe expression "ether" hereinbefore refers to compounds containing one or more glyceryl 
fflgroups and/or an oxyalkylene or polyoxyalkylene group especially a group containing from 1 
f - to 20 oxyeihylene and/or oxypropylene groups. One or more oxybutylene groups may 
Waddiiionally or alternatively be present. For example, the sulphonated or sulphated surfactant 
I'may be sodium dodecyl benzene sulphonate, potassium hexadecyl benzene sulphonate, 

sodium dodecyl dimethyl benzene sulphonate, sodium lamyl sulphate, sodium tallow 
O sulphate, potassium oleyl sulphate, ammomum lauryl monoethoxy sulphate, or 
JSimonoethanol amine cetyl 10 mole ethoxy late sulphate. 

Other anionic surfactants useful according to the present invention include alkyl 
sulphosuccinaies, such as sodium di-2-ethylhexylsulphosuccinaie and sodium 
dihexylsulphosuccinate, alkyl ether sulphosuccinates, alkyl sulphosuccinamates, alkyl ether 
sulphosuccinomates, acyl sarcosinates, acyl laurides, isethionates, soaps such as stearates, 
palmiiates, resinates, oleates, linoleates, and alkyl ether carboxylates. Anionic phosphate 
esters and alkyl phosphonaies, alkyl amino and imino methylene phosphonates may also be 
used. In each case the anionic surfactant typically contains at least one aliphatic hydrocarbon 
chain having from 8 to 22, preferably 10 to 20 carbon atoms, and, in the case of ethers, one or 
morii glyceryl and/or from 1 to 20 oxyethylene and/or oxypropylene and/or oxybutylene 
groups. 
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Preferred anionic surfacianxs are sodium salts. Other salts of commercial interest include 
those of potassium, lithium, calcium, magnesium, ammonium, monoetliaiiolamine, 
diethanolamine, triethanolamine, alkyl amines containing up to seven aliphatic carbon atoms, 
and alkyl and/or hydroxyailkyl phosphonium. 

The surfactant may optionally contain or consist of nonionic surfactants. Tlie nonionic 
surfactant may be, e.g. a C\o.22 aikanolamide of a mono or di- lower aikanolamine, such a 
coconut monoethanolamide. Other nonionic surfactants which may optionally be present, 
include tertiary acetylenic glycols, polyeihoxylated alcohols, polyethoxylated mercaptans, 
polyethoxylated carboxylic acids, polyethoxylated amines, polyethoxylated alkylolamides, 
polyethoxylated alkylphenols, polyethoxylated glyceryl esters, polyethoxylated sorbitan 
^ers, polyethoxylated phosphate esters, and the propoxyiated or ethoxylated and 
llgjpoxyiated analogues of all die aforesaid ethoxylated nonioujcs^ all having a Cg,22 alkyl or 
aKkenyl group and up to 20 ethyleneoxy and/or propyleneoxy groups. Also included are 
Iglyoxypropylene/polyethylene oxide copolymers, polyoxybutylene/polyoxyethylene 
^polymers and polyoxybutyient/poryxDcypropyicn^ copoiynicib. Fhe poiyethoxy, 
polyoxypropylene and polyoxybutylene compounds may be endcapped with, e.g. benzyl 
^oups to reduce the foaming tendency. 

pbmpositions of our invention may contain amphoteric surfactant. 

The amphoteric surfaciant may ic: example be a betaine, e.g. a betaine of the xormvila;- 

R3N^CH2COO , wherein each R is an alkyl, cycloalkyl, alkenyl or alkaryl group and 

preferably at least one, and most preferably not more than one R, has an average of from 8 to 
20, e.g. 10 to 18 aliphatic carbon atoms and each other R has an average of from 1 to 4 
carbon atoms. Panicularly preferred are the quaternary imidazoline betaines of the formula:- 
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CH2 CH: 

N _ CH2COO 




wherein R and R' are alkyl, aikenyl, cycloalkyl, alkaryl or alkanol groups having an average 
of frcm 1 tc 20 aliphatic carbon atoms snd F. pr?f'?r«*b'*' Hn^ an r^verage of frorn 8 to 20, e.g. 
1.0 10 1 8 aliphatic carbon atoms and R' preferably has 1 to 4 carbon atoms. Other amphoteric 
surfactants for use according to our invention include alkyl amine ether sulphates, 
sulphobetaines and other quaternary amine or quatemised imidazoline sulphonic acids and 
flieir salts, and Zwitterionic surfactants, e.g. N-alkyl taurines, carboxylated amido amines 

'^ch as RCONHCCHs^aN"^ (CH2CH2CH3)2CH2CO"2, and amino acids having, in each case, 

fl^drccarbon groups capable, of conferring surfactant properties (e.g. alkyl, cycloalkyl aikenj 1 
m alkaryl groups having from 8 to 20 aliphatic caxbon atoms). Typical examples include 
^S'-tallow alkyU 1 -tallow amido alkyl, 1-carboxymethyl imidazoline and 2-coconut alkyl 
i^-carboxymethyl 2 (hydroxyalkyl) imidazohne. uenerally speaking any water soluble 
:Snphoteric or Zwitterionic surfactant compound which comprises a hydrophobic ponion 
deluding Cg-20 alkyl or aikenyl group and a bydrophilic portion containing an amine or 
jguatemary ammonium group and a carboxylate, sulphate or sulphonic acid group may be 
used in our invention. 

Compositions of our invention may also include cationic surfactants. 



The caiionic surfactant may for example be an alkylammonium salt having a tolal of ai least 
8, usually 1 0 to 30, e.g. 12 to 24 aliphatic carbon aioms. especially a tri or tetra- 
alkylammonium salt. Typically alkylammonium surfactants for use according to our 
invention have one or at most two relatively long aliphatic chains per molecule (e.g, chains 
having an average of 8 to 20 carbon atoms each, usually 12 lo 1 8 carbon atoms) and two or 
three relatively shon chain alkyi groups having 1 to 4 carbon atoms each, e.g. methyl or ethyl 
groups, preferably methyl groups. Typical examples include dodecyl trimeihyl ammonium 
sails, '^enzalkonium sails having one 8 to 20 C alkyl .grcup iwp 1 to 4 carbon .alkyl groups ; 
and a benzyl group are also useful. 

Another class of cationic surfactant useful according to our invention comprises N-alkyl 
pyridinium salts wherein the alkyl group has an average of from 8 to 22, preferably 10 to 20 
cjjbon atoms. Other similarly alkylated heterocyclic salts, such as N-alkyl isoquinolinium 
sSts, may also be used. 

illkylarj'I dialkylammonium salts, having an average of from 10 to 30 aliphatic carbon atoms 
afle, MSf fuij e,g. tliose in-whUh the aikylai7l group is an aikyJ ,bci»zerji?.-gTC4p haviri^g an 
iverage of from 8 to 22, preferably 10 to 20 carbon atoms and ilie other two alkyl groups 
iSually have from 1 to 4 carbon atoms, e.g. methyl groups, 

;Qther classes of cationic surfactant which are of use in our invention include alkyl 
Shidazoline or quatemised imidazoline salts having at least one alkyl group in tiie molecule 
with an average of from 8 to 22 preferably 10 to 20 carbon atoms. Typical examples include 
alkyl methyl hydroxyethyl imidazoliniimi salts, alkyl benzyl hydroxyethyl imidazolinium 
salts, and 2 alkyl-l-alkylamidoethyl imidazoline salts. 

Another class of cationic surfactant for use according to our invention comprises the amido 
amines such as tliose formed by reacting a fany acid having 2 to 22 carbon atoms or an ester, ' 
glyceride or similar amide forming derivative thereof, with a di or poly amine, such as, for 
example, ethylene diamine or diethylene triamine, in such a proportion as to leave at least 
one free amine group. Quaternised amido amines may similarly be employed. 
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Alkyi phosphdnium and hydroxy alky I phosphonium salts having one Cg.^o alkyl group and 
ihree Cm aikyl or liydroxyalkyl groups may also be used as caiionic surfactants in our 
invention. 

Typically the cationic surfactant may be any water soluble compound having a positively 
ionised group, usually comprising a nitrogen atom, and either one or two alkyi groups each 
having an average of from 8 to 22 carbon atoms. 

The anionic ponion of the caiionic surfactant may be any anion which confers water 
solubility, such as formate, acetate, lactate, tartrate, citrate, chloride, nitrate, sulphate or an 
alkylsulphate ion having up to 4 carbon atoms such as meihosulphate. It is preferably not a 
surface active anion such as a higher alkyI sulphate or organic sulphonate. 

: J>olyfluorinated anionic, nonionic or cationic surfactant may also be useful in the 
■J^onipositions of our invention. Examples of such surfactants are polyfluorinated alkyJ 
Sulphates and polyfluorinated quaternary ammonium compotinds. 

J^Composirions our invention may contain a semi-polar surfactant such as an amine oxide, e.g, 
Oix amine oxic,i comaimrig one or cwu (preferaDiy onej C^.2z alkyi group, uie remairucig 
^gubstituent or substituenis being preferably lower alkyl groups, e.g. alkyi groups or 
-^enzyl groups. 

Particularly preferred for use according to our invention are surfactants which are effective as 
wetting agents, typically such surfactants are effective at lowering the surface tension 
between water and a hydrophobic solid surface. We prefer surfactants which do not stabilise 
foams to a substantial extent. 

h^hx:-::rti vf nvo or moi-^ of the :bvcv;oing siid^cianB r.i^y be ui^^ij. \a par icuiai ir^ixlure^ of 
non-ionic surfactants with cationic and/or amphoteric and/or semi polar surfactants or with 
anionic surfactants may be used. Typically we avoid mixtures of anionic and cationic 
surfactants ^^'hich arc oft^n less rnutusllv ccmp?*'''''^ 
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Preferably ihe THP and ihe surfactant are present in a relative weight concentration of from 
1 :1000 to 1000:1, more usually 1 :50 to 200:1 , typically 1 :20 lo 100:L most preferably 1 :10 to 
50:1, e.g. 1:1 to 20:1 especially 2:1 to 15:1. 

Effective doses of the mixture are typically from 0.5 ppm to 2.000 ppm, more usually 2 ppm 
to 1,000 ppm, e.g. 5 ppm to 500 ppm especially 10 to 250 ppm, 

Tlie composition may additionally contain other biocides, water dispersants, antifoams, 
solvents, scale inhibitors, corrosion inhibitors, oxygen scavengers and/or flocculams, 

0>;r bvention inducer, sqiicour solutions containing a biocidallv ^.ctive.conrentrr^tjon of ?* 
composition of the invention. Such solutions may be water systems or aqueous based 
.^oducts containing functional ingredients as described in GB 2 145 708. Our invention also 
mcludes anhydrous, and concentrated aqueous, formulations adapted to provide the aforesaid 
jgproducts on dilution with water. 

^^ale or corrosion inhibitors which may be added to the water to be treated in conjunction 
.with the present invention include phosphonates, polymaleates, poly aery lates, 
;g>lyraetliacrylates, polyphosphates, phosphate esters, soluble zinc salts, nitrite, sulphite, 
^Qenzoarsj, tannfr, ligniD5ulphor,'^Tes, ben^otriarolw and merr^nrnbcnzothiar^^i^^? zU^dSed in 
i^-nvcntionai amounts. The scale and/or corrosion inhibitors may be added to the water 
^^parately from or in association with the phosphonium compound and surfactant. There 
may be added to the water to be treated oxygen scavengers, flocculants such as 
polyacrylamide dispersants, antifoams such as silicones or poiyeihyleneoxylated antifoams or 
other biocides such as tin compounds or isothiazolones. 
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The mixture according to our invention may be prepared in siiu by adding the THP. the 
biopeneirani synergist, and optionally the surfactant separately to the water system to be 
treated. Alternatively and preferably the components may be premixed. either alone, 
provided that they are miscibie in the desired propoitioiia. or wuh water Oi ether solvents 
including Cj-j monohydric and polyhydric alcohols, ketones, or dispersants such as 
polyelectrolytes. Typically THP is miscibie with carionic surfactants of the quaternary 
ammonium and phosphonium t>p£j lut rriixturcs with non-ionic surfactants may require 
dilution with water or solvents. 

The microorganisms to be treated are usually bacteria, fungi, yeasts, and algae that grow in 
aquatic environments,. Included in this classification are sulphate reducing bacteria, e.g, 
Desulphovibrio, which may occur in oil installations, iron bacteria, e.g. Gallionella and slime 

iQorming bacteria, e.g. Fi^eudomonas, which lait are particularly iroublesoirne in aerated 
^^Siqueous systems. 

sj 

Jhe water to be treated may be industrial cooling ^^ter, e.g.i^ :po^ve^ stations or chemical 
jfjlants or for steel or paper or brewing and may be used in closed circuit or in open circuit 
I- involving evaporation in cooling towers. Alternatively the water may be process water. 
■ ^specially process water containing significant sources of nutrients for microorganisms such 
process water for paper making plants and breweries. Injection water or drilling fluids for 
iQDil fields or water produced from oil fields or water used in reverse osmosis plants, e.g. to 
'^rGvi|de industrial processes or boiler feed water, may be treated. . ■ - . * 

Other aquatic environments which may be treated with the synergistic biocidal mixtures 
according to the method for the invention are cooling or process water in board mills, 
feiiiliser manufacture, oil refineries, primary metals manufacture, e.g. steel or copper, 
petrochemicals, rubber manufacture, textile and fabric industries, industrial gas manufacture, 
minerals recover, glass and ceramic manufacture, food industry, leather manufacture, heavy 
and light engineering, including metal fabrication and automotive engineering, furniture 
manufacture, electronics industry and surface coating and adhesives manufacture and other 
mi^nufacturinr; industries.,,. 
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The process is also applicable to ihe ireaimem of ceoihennal water, water in domestic, 
industrial and institutional central healing and air conditioning systems and water used for 
hydrostatic testing of pipelines and vessels, swimming baths and as cooling water for ships 
and marine engines. 

The ii^'ention is also applicable to of microbial coritamiriatioA in i wide variety of 

aqueous based products. For example compositions of the invention may be added to a 
variety of solutions and emulsion compositions such as paints, cutting oils, bitumen and tar 
emulsjons, adhesives, weedkillers and msecticides, as well as to solid or concentrated 
compositions for addition to water in the preparation of such products. The invention, 
therefore, further provides aqueous based products which are subject to microbial spoilage to 
which has been added a bacteriostatic or bactericidal quantity of a THP salt, a biopenetrant 
□synergist as aforesaid and, optionally, a surfactant. Typically such compositions consist of 
"^aqueous solutions, suspensions or emulsions of at least one functional ingredient, together 
Bwith a minor proportion of a cbnaposition of the invention, sufiicient to inhibit gro wth of 
=imicroorganisms therein. 

= The systems to which the invention1s pmicuiariy 'appiivaoie*ar<; th luv^oiving tiie 
S circulation or storage of substantial quantities of water, under conditions favouring the 
3 multiplication of bacteria, especially hardy bacteria such as P Aeruginosa, e.g. conditions 
□ involving maintaining or periodically raising the water to super ambient temperatures 

favouring bacterial proliferation, or maintaining nutrients for the bacteria in the vvater 

systems. 

The invention will be illustrated by the following examples:- 



Examnle 1 

THPS/WSCP mixture was compared with two commercial THP/anionic surfactant products 
for control of legionella pneumophila. 
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Parameter 


Details 


Test medium 


^terije wrivj Dianuaro naruiiC^d waicr ^loiai na&uijwdd 

lA^mra rtTne '^mo' lifr^J imn sic flprTTf* ^iilflHstfi 
j^^nig lluw J piUd JiiJg IILIC iiuli iciiiw 3UJ|jiiaLw 


— ■ 

Biocides 


QmrL' cnlntinnc 10 v tH^ mncftntraTion lo He tested 
A TP nrenared in WHO standard hardness water 


pti 


8.0 ± 0.2 


pH adjuster 


Boric ac^d/borax buffer as contained in tlie test 
iMediuni 


Test organism 


I pneumophila sg 1 (NCTC 1 1 192) 


Test volume 


10ml 


cont3Ci Temp 




Contac: limes 


Q 3, 4 and 6 hov'T'; 


Inoculum level 


To give an initial concentration of approximately 
1 X lO^cfu/litre 


Preparation of 
i4fioculum 


Resuscitate test organism from lyophilised culture, 
r^repare 4 on piaie cuiuxre on i n agar. noiQ ai 
4®C overnight. Suspend in 10ml of test medium. 


ifl^est method 


ACQ imi 01 Diociue siock soiuuon lo omi oi xesx 
Medium. Control contains 9ml of test medium only. 
At time Oh add 1ml of inocultam- After the 

■ rr>i7prrCpT5a:e^.Si:^i.ijt.r^ C t3TJ. -£t L*. ■ . - . ...... V , ^ : 

1 0 X dilutions. 


^ Snumeraf ion method 


By performing Miles and Misra dilution counts 
onto BCYE agar plates. 


'^Replication 


bpot J J microuxres ox eacn auuiion \n iripiicaie omci 
dry BCYE agar plates to ootain a mean count of 


if late incubation 
O^mperature 


37 ± PC 


Plate incubation 
period 


7 days 


Expression of results 


Give number of control and surviving legionellae and 
the log 10 reduction in numbers of biocide-treated cell 



suspensions compare to the appron^ijsre control^. 
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The example of the invention also showed superior performance lo conventional THP 
surfaltant formulations, to WSCP alone and to THP alc/rie ihYieducihg praiiktonic bacieria. ' 

The example gave less than half the foaming obsen'ed using surfactant containing 
formulations. 

Example 2 

An aqueous solution comprising 50% THPS and 2% WSCP was added to alginate beads 
infected with sulphate reducing bacteria. Wlien dosed at 250ppm, solution gave a 100 fold 
reduction in bacterial counts, compared with a control, after two weeks incubation. 

At 500ppm the solution gave a total kill. 

HpExampIe 3 

aqueous solution comprising 50% THPS and 2% methyl carbitol (diethylene glycol 
^^onomethyl ether) was added to alginate beads infected with sulphate reducing bacteria. 
IJWhen dosed at 250ppm, the solution gave a 100 fold reduction in bacterial counts, compared 
'^Hvith a control, after two weeks incubatiori. A mixture of 50% THP and 2% cationic 
fturfactant was inactive at this concentration. At 500ppm the solution gave a total kill. 

irTlie example of the invention also showed superior performance to conventional THP 
Ourfactant formulations, to methyl carbitol and to THP alone in controlling both sulphate 
reducing and plaxiktonic aerobic bacteria. 

The example gave less than half the foaming obser^'ed using surfactant containing 
formulations. 



Tlie mixture also gives effective control over fungi and algae. 
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Example 4 

The alginate bead lest of examples 2 and 3 was repeated using sodium naphthalene 
sulphonate/formaldehyde condensate as the synergist. As 250ppm the solutipn gave a 100 
fold reduction in bacterial counts after two weeks incubation. At SOOppm the solution gave a 
total kill, n^e volume of foam generated when air was bubbled through the system 
containing 750ppm of the active biocidal mixture was half that using THP alone. 

Examnle 5 

The alginate bead test of Example 1 was repeated using general heterotroph bacteria and a 
residence time of two hours. For comparison we used the most commonly used commercial 
THP biocide product which is an aqueous solution comprising 50% THPS and 2% of an 
ariocic surfactant avnilable commercially under the Registered Trade Mark "DOWFAX" 

-4Ah 



Q/arious mixtures each comprising 50% THPS and 2% of biopenetrant were compared at 
iflSOppm and at 125ppm dosage. The log reduction in bacterial cotmts is given in the table. 
m TABLE 



;3IOPENETRANT 


FUNCTIONALITY 


LOG REDUCTION 


Jllomparative 

^SOppm 

rt25ppm 


Surfactant 


3.7 
3.0 


^odi'om xylene sulphonate 
250ppm 
125ppm 


Hydrotrope 


4.7 
2.7 


THP/urea condensate 

250ppm 

125ppm 




5.00 
3.70 


Formaldehyde/dihydroxyphenylsulphono 

poly condensate 

250ppm 

125ppm 


"Synian" 


4.0 
2.7 


250ppm 
I25ppm 


Hydrotrope 


6.7 
4.0 
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In each case the biopenetrant of ihe invention showed improved biocidal activity compared 
with the surfactant in the comparative example, and gave substantially less foaming. 



Example 6 

T).ie comparative lonnulation of Example 5 was compared with a mbiture of 50% THPS, 1% 
surfactant and 1% diethylene glycol mcnomethyl ether. The mixture gave greater log 
reductions than either the comparative formulation or the formulation of Example 3. 



